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The human papillomavirus (HPV) is a very common sexually transmitted infection that affects an estimated 14 million people each year in the United States.  There are two licensed prophylactic HPV vaccines currently available for use: a quadrivalent vaccine that protects against HPV types 6, 11, 16, and 18 and a bivalent vaccine that protects against HPV types 16 and 18.  Less than half of American adolescents are getting vaccinated against HPV, which is responsible for close to 26,000 incidence cases of cancer in men and women every year in the United States.  Cancer prevention through vaccination is a significant public health achievement, although the benefit is only realized with uptake of the vaccine.  Challenges including cost and delivery of the vaccine are prevalent, but the social challenges, including the misconceptions regarding safety and efficacy, perception of risk, and consequences of vaccination, are among the most difficult to overcome.  However, a strong collaborative effort among health care providers, public health professionals, and legislators has the potential to overcome these challenges, increase uptake of the HPV vaccine, and ultimately prevent future cancers.  An analysis of several HPV vaccination mandate scenarios indicate that 4,190 estimated cases of cervical cancer could be prevented by increasing vaccine coverage to 80% among girls entering public school for 6th grade (11-12 years old) in 2015.  In addition to the decrease in estimated HPV-associated disease outcomes, health care costs decrease with a greater proportion of the population vaccinated.  Compared to the current vaccination rate, vaccinating 90% of the population has the potential to save 219 million 2015 U.S.$ in health care costs associated with oropharyngeal cancer and 212 million 2015 U.S.$ in health case costs associated with cervical cancer.  Information regarding the health and economic burden of HPV-associated disease may be useful to policymakers and public health professionals for informed decisions about investments in future HPV prevention programs. Velpandi Ayyavoo, PhD 
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Human papillomaviruses (HPV) are a group of more than 150 related viruses, each given a number referring to an HPV genotype.  About 25% of the HPV types are mucosal types, referring to the mucous membranes, or the moist surface layers of skin that line the body’s cavities that are open to the outside of the body (American Cancer Society, 2013).  Mucosal HPV, also referred to as genital HPV, is a very common sexually transmitted infection and most sexually active people in the United States will contract HPV at some time in their lives (Centers for Disease Control and Prevention, 2014).  In the United States, over 14 million people get a new genital HPV infection every year (American Cancer Society, 2013).  Young people ages 15-24 years make up about half (49%) of incident genital HPV cases, making the effort to reach people before becoming sexually active paramount in preventing infection and transmission (American Cancer Society, 2013).  Most people who become infected with HPV will not present with any symptoms, making transmission to sexual partners very common. 
While HPV can sometimes be cleared from the body without intervention, persistent infection with certain types of HPV is associated with multiple cancers and several other diseases (Centers for Disease Control and Prevention, 2014).  A natural infection with HPV is not likely to initiate an anamnestic response of prior primed memory B cells.  Therefore, individuals can experience repeat infections with HPV types that their bodies have previously cleared (Harper & Vierthaler, 2011).  In addition, there is evidence to suggest that high oncogenic risk types may persist longer than low oncogenic risk types (Burchell et al, 2006).  Low oncogenic risk HPV types 6 and 11 are responsible for anogenital warts and recurrent respiratory papillomatosis.  High oncogenic risk HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82 are responsible for cancers affecting the cervix, oropharynx, anus, vulva, penis, and vagina (American Cancer Society, 2013).  It is estimated that about 7 out of 10 women are exposed at least once to HPV during their lifetime, and about 1 in 5 women who are exposed can develop cervical cancer (Burchell, 2006).  Despite the tremendous progress made regarding the causes of cervical cancer and the development of successful early detection screening methods, cervical cancer continues to be the leading cause of cancer mortality among women worldwide and is responsible for significant annual morbidity (Burchell et al, 2006).  It is estimated that each day in the United States 30 women are diagnosed with cervical cancer (11,000/year) and that each minute there is a new case of genital warts in men and women (Centers for Disease Control and Prevention, 2014).
There are two licensed prophylactic HPV vaccines currently available for use: a quadrivalent vaccine (HPV4; Gardasil®, Merck & Co.) that protects against HPV types 6, 11, 16, and 18 and a bivalent vaccine (HPV2; Cervarix®, GlaxoSmithKline) that protects against HPV types 16 and 18.  The HPV4 vaccine is licensed for use among females and males aged 9-26 years, while the HPV2 vaccine is licensed for use among females aged 10-25 years (Centers for Disease Control and Prevention, 2011) (Centers for Disease Control and Prevention, 2010).  In addition, randomized clinical trials are currently examining the efficacy of a nonavalent HPV vaccine (HPV9) for protection against HPV types 6, 11, 16, 18, 31, 33, 45, 52 and 58 (Table 1).  There is evidence to suggest that quadrivalent and bivalent vaccination offer a degree of effective cross-protection against other non-vaccine HPV types, including HPV 31 and 45 (De Vincenzo, Ricci, Conte, & Scambia, 2013).  Lasting cross-protection has the potential to further impact the level of protection vaccination has on HPV infection and disease development.  
[bookmark: _Toc259470253][bookmark: _Toc259551735]Table 1. Percentage of invasive cervical cancer cases caused by high oncogenic risk HPV types.

	High oncogenic risk HPV type
	Percentage of cervical cancer cases caused by HPV type
	
Cumulative total (%)
	
Quadrivalent
(Gardasil®)
	
Bivalent
(Cervarix®)
	
Nonavalent

	16
	54.6
	54.6
	✓
	✓
	✓

	18
	15.8
	70.4
	✓
	✓
	✓

	33
	4.4
	74.8
	
	
	✓

	45
	3.7
	78.5
	
	
	✓

	31
	3.5
	82.0
	
	
	✓

	58
	3.4
	85.4
	
	
	✓

	52
	2.5
	87.9
	
	
	✓

	35
	1.8
	89.7
	
	
	

	59
	1.1
	90.8
	
	
	

	56
	0.8
	92.2
	
	
	

	51
	0.7
	92.9
	
	
	

	39
	0.7
	93.7
	
	
	

	73
	0.5
	94.1
	
	
	

	68
	0.5
	94.6
	
	
	

	82
	0.2
	94.8
	
	
	

	No type identified
	5.2
	100.0
	
	
	


        
        Meta-analysis of published literature up to January 2006 consisting of more than 14,500 cases of cervical cancer.
        Adapted from (Clifford, Franceschi, Diaz, Munoz, & Villa, 2006). 


Human papillomavirus vaccines are administered in doses, where three doses are necessary to complete the series.  The Advisory Committee for Immunization Practices (ACIP) suggests that the second dose of the HPV vaccine should be administered 1 to 2 months after the first dose, and the third dose is to be administered 6 months after the first dose.  The minimum interval between the first and second dose is 4 weeks and between the second and third dose is 12 weeks (Figure 1).  While the ACIP recommends that the 3-dose series be completed within 6 months, the manufacturer of the HPV4 vaccine recommends completing the series within at least 365 days (Centers for Disease Control and Prevention, 2010). 

[bookmark: _Toc258236216][bookmark: _Toc258236801][bookmark: _Toc258238151][bookmark: _Toc258238474][bookmark: _Toc258421483]Figure 1. The Advisory Committee for Immunization Practices (ACIP) HPV Vaccine Dosing Schedule. (Centers for Disease Control and Prevention, 2010).

The quadrivalent and bivalent vaccines are  >98% effective in preventing infection of targeted HPV types and lesion development and are clinically safe, yet vaccination initiation, adherence to and completion of the 3-dose series has had relatively poor outcomes in targeted populations.  Vaccination against HPV has the potential to sharply reduce the number of HPV-associated cancers and disease, but this goal will only be achieved if HPV vaccine uptake increases.  This essay will examine the potential barriers and factors that contribute to low adherence to the dosing regimen and completion rate of the vaccination series, including cost coverage, provider recommendation, and patient perception.  Intervention strategies to increase uptake of the HPV vaccine will be presented and discussed, including vaccination campaigns to encourage awareness of the vaccine’s availability and purpose, dose reminders, expansion of vaccination sites, and dispelling misconceptions, misinformation, and myths regarding the vaccine.  Finally, the cost savings from implementation of vaccination mandates for admittance to public schools across the nation will be estimated.  


[bookmark: _Toc260073098]The Case for Human papillomavirus vaccination
Vaccines against infectious agents are one of the most significant achievements in human history and have greatly reduced the burden of disease around the world.  The implementation of vaccination programs is among the greatest success stories in public health, leading to the eradication of smallpox and drastically reducing the incidence of many other diseases attributable to infectious agents that were once endemic in the United States and around the world.  Vaccines capable of preventing cancer, such as the HPV vaccine, have been a major breakthrough for public health and have the potential to improve the quality of life for millions of people through the prevention of disease. 
Despite having the ability to improve millions of lives, the uptake of the HPV vaccine has not reached the levels of other adolescent vaccines and has remained relatively low for the past few years.  The Center for Disease Control and Prevention reported in a 2013 MMWR that in 2012 an estimated 53.8% of adolescent girls aged 13-17 years received one or more dose, with only 33.4% completing the 3-dose series (see Figure 1) (Centers for Disease Control and Prevention, 2013).  These rates fall considerably short of the U.S. Department of Health and Human Services Healthy People 2020 goal of having 80% of 13-15 year olds fully vaccinated against HPV (The President's Cancer Panel, 2014).  However, since the quadrivalent vaccine’s introduction in late 2006, reductions of the prevalence of targeted HPV types in the United States have been evident despite low uptake of the vaccine.  A comparison of prevalence data from before the vaccine’s introduction (2003-2006) and during the vaccine era (2007-2010) collected by National Health and Nutrition Examination Surveys reveals that among females aged 14-19 years, the HPV 6, 11, 16, and 18 type prevalence decreased from 11.5% (95% CI 9.2-14.4) in 2003-2006 to 5.1% (95% CI 3.8-6.6) in 2007-2010 (Markowitz, et al., 2013).  
The bivalent and quadrivalent vaccines are highly immunogenic, with the highest titer levels reported in vaccinated adolescent females and males ages 10-15 years old when compared to females aged 16-23 years (Block, Nolan, Sattler, Barr, Giacoletti, & Marchant, 2006).  Geometric mean antibody titers achieved for HPV 16 and 18 through complete vaccination are several times higher than one would achieve through natural infection with these genotypes (Harper & Vierthaler, 2011) (Einstein, Baron, & Group, 2011).  Duration of protection remains unknown, however current research suggests that HPV 16 and HPV 18 antibody titers remain elevated above those of natural infection for at least 8.4 years for the bivalent vaccine and for at least 5 years for the quadrivalent vaccine (Dochez, Bogers, Verhelst, & Rees, 2014) (Romanowski, 2011).  While some studies suggest that robust titers are evident after the first and second dose of the vaccine, the duration of protection and efficacy offered by receiving fewer than three doses of the vaccine is remains unknown (Kreimer A. e., 2011).  Similarly, the impact on immunogenicity is unknown for receiving one or more doses later than recommended in the dosing schedule (Widdice et al, 2011).  Currently, the Centers for Disease Control and Prevention (CDC) do not recommend restarting the series if the immunization schedule is interrupted (Centers for Disease Control and Prevention, 2010).  Some studies suggest that the possibility of a decrease in antibody titers years after vaccination may imply the necessity of a vaccine booster, even for individuals who completed the series.  However, an initial high titer response may provide prolonged protection, even after waning of antibody levels (Dochez, Bogers, Verhelst, & Rees, 2014).  Through modeling, it has been suggested that HPV vaccine efficacy must last at least 15 years to contribute to the prevention of cancer development (Harper & Williams, 2010).  Future research regarding antibody levels and implied vaccine effectiveness is needed to fully understand the relationship that these variables have with clinical outcomes.  
Only about one third of American adolescent girls and about 7% of American adolescent boys are receiving 3 vaccine doses against HPV, which is responsible for close to 26,000 incidence cases of cancer in men and women every year in the United States (The President's Cancer Panel, 2014).  Cancer prevention through vaccination is a significant public health achievement, although the benefit is only realized with uptake of the vaccine.  It is of importance to identify factors and potential barriers to HPV vaccination for public health professionals to effectively implement strategies aimed at increasing initiation and completion of the vaccine series.  
[bookmark: _Toc260073099]factors and potential barriers contributing to the low completion rate of the human papillomavirus vaccine 3-dose series
To achieve the goal of increasing uptake of the HPV vaccine, it is necessary to investigate the factors and potential barriers that contribute to the low initiation and completion rates.  There are a number of concerns about HPV vaccines, and indeed vaccination in general, regarding safety and necessity, which are often social or political in nature.  Factors that contribute to vaccination practices include patient perception of risk, either for themselves or their children, recommendation of vaccine by a health care provider, and general knowledge about the vaccine and HPV-associated disease outcomes.  There are also potential barriers to vaccination such as cost and accessibility, which may lead to uptake disparities across socioeconomic and racial/ethnic groups.  Successful implementation of a vaccination program includes the elucidation of all factors and potential barriers associated with vaccination, while addressing the patient’s concerns regarding safety and efficacy.  Investigation as to where the vaccination program falls short in addressing these issues provides insight into what interventions can be implemented to increase the uptake and successful completion of the 3-dose series of HPV vaccines in the United States, ultimately reducing the incidence of HPV-associated disease.
[bookmark: _Toc260073100]Cost Coverage
At a price of approximately $360.00 for the 3-dose series, the HPV vaccines are the most expensive series ever universally recommended by the ACIP (Dempsey & Davis, 2006).  The cost of the vaccine series is certainly a topic of concern for patients and is one of the most important indicators for receiving one or more dose of the vaccine (Conroy, Rosenthal, Zimet, Jin, Bernstein, & Kahn, 2009).  Of those who declined vaccination in Conroy et al.’s study (2009), 86.7% refused because of the concern about insurance coverage for the vaccine. Those who did receive at least one vaccine dose had insurance coverage, predominately Medicaid (OR 5.31).  
Cost coverage for the vaccine is largely dependent upon whether the patient possesses private health insurance or if the patient is eligible for public programs such as Vaccines for Children (VFC) or state-funded Medicaid.  Categories of children under 19 years of age who qualify for VFC include uninsured, underinsured, Medicaid-eligible, American Indians, and Alaskan Natives (Dempsey & Davis, 2006).  It is reported that close to half (48%) of the birth cohort each year is covered by the VFC program (Lindley, Orenstein, Shen, Rodewald, & Birkhead, 2009).  The VFC program is federally funded and provides vaccines at no cost to eligible children.  The vaccines are delivered cost-free to providers who serve eligible children, and while the providers may charge a fee to give each shot, VFC vaccines cannot be denied to an eligible child if a family cannot afford the fee (The President's Cancer Panel, 2014).  Patients covered by public programs such as VFC or Medicaid also must receive vaccination from recognized VFC providers, but any provider authorized to prescribe vaccines under state law can become a VFC provider (The President's Cancer Panel, 2014).  Under provisions of the Affordable Care Act, all group and individual health plans established or significantly altered since 2010 are required to cover HPV vaccination for both female and male children aged 0-18 without any cost-sharing requirements when provided by an in-network provider (U.S. Department of Health and Human Services, 2014).  It is of importance to encourage health care providers to participate in the VFC program to ensure access to HPV vaccines for those who are uninsured or under-insured. 
Widdice and colleagues found that patients who used private insurance compared with those who used public insurance had 1.3 times the odds of completing the HPV4 series within 7 months.  Patients who used public insurance in comparison to those with no insurance had 2 times the odds of completing the series within 12 months.  The results of this study indicate that possession of private insurance yields higher completion rates of the vaccine series overall (Widdice, Bernstein, Leonard, Marsolo, & Kahn, 2011).  However, having health insurance does not necessarily infer a high completion rate among patients. A study conducted by Hirth and colleagues (2012) looked at patients who have private health insurance and found that among the 271,976 patients who initiated vaccination, 103,806 (38.2%) received 3 vaccinations and completed the series within 365 days of the first dose.    
The high cost of the HPV vaccine may pose as a barrier to both patients and providers alike.  While VFC doses are provided at no cost to providers, the provider purchases doses administered to families in the private sector with the anticipation of reimbursement after administration.  These up-front costs may lead practices to decide not to offer HPV vaccines or to stock a decreased amount, especially if demand is low or when reimbursement is inadequate (Gottlieb, Brewer, Smith, Keating, & Markowitz, 2009).  In fact, the cap for reimbursement through Medicaid was only just recently increased through the Affordable Care Act after nearly 20 years of stagnancy (The President's Cancer Panel, 2014).  In addition to the cost of the vaccine itself, there are often separate fees associated with vaccine administration.  Administrative costs for the provider may include storage needs, the need to purchase insurance policies against product loss, record keeping and data entry, additional staff time, and an increase in the time spent with a patient to discuss vaccination (Lindley, Orenstein, Shen, Rodewald, & Birkhead, 2009).  Reimbursement for vaccine administration varies for commercial health insurers and VFC administration costs are reimbursed only if the child is enrolled in Medicaid (Lindley, Orenstein, Shen, Rodewald, & Birkhead, 2009).  Proper and adequate reimbursement of indirect and direct costs associated with providing HPV vaccines to the public will encourage providers to continue to offer and maintain stock of the vaccines.
[bookmark: _Toc260073101]Provider Recommendation 
Health care providers, such as obstetricians, gynecologists, and pediatricians are essential to the HPV vaccination effort because a doctor’s office is often where vaccines will be administered.  According to a recent report from the CDC, missed clinical opportunities are the most important reason why the United States has not achieved high rates of HPV vaccine uptake (The President's Cancer Panel, 2014).  The current adolescent immunization schedule for children 7 through 18 years of age suggests that during 11-12 years of age a child should receive the Tetanus, Diptheria Pertussis vaccine (Tdap), Meningococcal Conjugate vaccine (MCV4) Dose 1, HPV Doses 1-3, and a yearly Influenza vaccine during scheduled health care visits (Centers for Disease Control and Prevention, 2014).  These recommendations allow for several clinical opportunities for providers to recommend and administer HPV vaccines when not contraindicated.  As shown below in Figure 2, it is estimated that in the survey year of 2012, the potential vaccination coverage with ≥1 dose of HPV vaccine for adolescent girls aged 13-17 years could have been 92.6% if there were no missed opportunities for vaccination (Centers for Disease Control and Prevention, 2013).  


[bookmark: _Toc258236217][bookmark: _Toc258236802][bookmark: _Toc258238152][bookmark: _Toc258238475][bookmark: _Toc258421484]Figure 2. Estimated HPV Vaccine Coverage Among Adolescent Girls Aged 13-17 Years, by Number of Doses. 
 Data is according to the results of the National Immunization Survey- Teen, United States, 2007-2012.  
*The number of adolescent girls with provider-reported vaccination histories for each survey year are as follows: 2009, n = 9,621; 2010, n = 9,220; 2011, n = 11,236; and 2012, n = 9,058.
A missed opportunity is defined by the survey as a health-care encounter occurring on or after a girl's 11th birthday and on or after March 23, 2007 (the publication date of the Advisory Committee on Immunization Practices' HPV4 recommendation), during which a girl received at least one vaccine but did not receive HPV vaccine
(Centers for Disease Control and Prevention, 2013).

It is not uncommon for parents to be unaware of the availability of HPV vaccines and of their unique opportunity to protect their child from the risk of developing certain types of cancer.  Each time an adolescent comes into a health care setting is an opportunity to inform and offer vaccination.  Health care providers are encouraged to make an effort to increase their own personal knowledge about HPV infections, HPV-associated disease and cancers, the protection offered by HPV vaccines, and the safety and efficacy of HPV vaccines (The President's Cancer Panel, 2014).  Describing the HPV vaccine as a prophylactic ‘anticancer vaccine’ may have a stronger impact than describing it as offering protection against a sexually transmitted disease, especially if parents do not consider their children at risk for sexually transmitted diseases due to stigmatization or misconceptions about HPV (Burchell, 2006).  Indeed, the fact that HPV infection is consequent to sexual behavior, providers and parents may have reservations about discussing HPV vaccination openly.  Tools and strategies to help providers communicate more effectively with parents about HPV should be based on evidence and best practices.  According to the President’s Cancer Panel Annual Report (2014), messages from providers to parents should:

· Focus on HPV vaccines as a tool to prevent multiple cancers.
· Emphasize the importance of vaccinating both males and females.
· Emphasize the importance of vaccinating the primary target age group (11-12 year olds).
· Promote catch-up vaccination for older adolescents and young adults as needed.
· Reinforce HPV vaccine efficacy and safety.
· Encourage administration of HPV vaccines as part of an adolescent vaccine platform.  Unless contraindicated, HPV vaccines should be administered at the same time as other adolescent vaccines. 
Discussing the dosing schedule with patients is also of importance due to the high non-adherence rate to the recommended time frame between doses (Figure 1.) (Conroy, Rosenthal, Zimet, Jin, Bernstein, & Kahn, 2009) (Hirth, Tan, Wilkinson, & Berenson, 2012).  Of the 26 patients that were late for a dose in the study conducted by Conroy and colleagues (2009), 38.5% of patients reported that they did not know that they would need additional shots.  Gold et al.’s study (2012) consisting of females (11-26 years old) in a managed health care organization reiterates the importance of discussing vaccination and its 3-dose schedule with patients.  Of the respondents that confirmed that the provider discussed coming back for more HPV4 shots, 52% successfully completed the series (adjusted RR of 1.55).  Of the respondents who could correctly identify the total number of HPV4 shots in the series, 53% successfully completed the series (adjusted RR of 1.49) (Gold, Nalway, & Riedlinger, 2012).  
[bookmark: _Toc260073102]1.2.3	Patient Perception 
Established attitudes and beliefs about the HPV vaccine can have a substantial affect on uptake of vaccination for oneself or one’s child.  While most parents believe that vaccines protect against potentially life-threatening diseases, some refuse one or more recommended vaccines based on concerns about safety, necessity, and other factors (See Figure 3).  
A study conducted by Liddon and colleagues (2013) reveals that mothers often underestimate the sexual experience of their child.  Of the 13,461 adolescents in grades 7 through 12, about one third (34.8%) reported being sexually experienced and of these, 46.8% of their mothers inaccurately reported that their child was not sexually experienced.  There is also a concern among parents that receiving the HPV vaccine will encourage or promote sexual behavior, however to this date there has been no association linking being sexually active or number of sex partners among adolescent and young women with HPV vaccination (Liddon, Leichliter, & Markowitz, 2012) (Bednarczyk & al., 2012). 

Reasons Parents Did Not Intend to Vaccinate Their Adolescents Against HPV

· Vaccination not needed (23.2%)
· Son or daughter not sexually active (19.5%)
· Safety concerns / Side effects (19.3%)
· Lack of knowledge about the vaccines or diseases caused by HPV infections (15.2%)
· Vaccination not recommended by healthcare provider (9.6%)
· Son or daughter too young to be vaccinated against HPV
· Cost of vaccines










[bookmark: _Toc258421485]Figure 3. Reasons parents did not intend to vaccinate their adolescents against HPV, NIC-Teen, 2011.  
Had no intention to vaccinate adolescents in the next 12 months. 
Response categories are not mutually exclusive.
Adapted from (Stokley, 2013) and (The President’s Cancer Panel, 2014).

While it is correct to align the HPV vaccine with the prevention of cervical cancer, it may contribute to the misconception that HPV vaccination is unnecessary for adolescent males.  The benefits of vaccinating males include protection against anal, oropharyngeal and penile cancers, genital warts, and preventing the transmission of HPV to sexual partners (Centers for Disease Control and Prevention, 2012).  Genital warts, caused by HPV 6 and 11, is a very common infection and affects about 1% of sexually active men in the United States at any one time.  While HPV-associated cancers of the penis, anus, and oropharynx are uncommon, screening for these cancers is not routinely recommended.  Additionally, there are no HPV tests that are approved by the FDA for use in males, allowing a symptomless male infected with any type of mucosal HPV to unknowingly infect his sexual partners (Centers for Disease Control and Prevention, 2012).  Certain populations are at heightened risk for HPV infection and subsequent disease.  Notably, men who have sex with men are about 17 times more likely to develop anal cancer when compared to men who only have sex with women (Centers for Disease Control and Prevention, 2012).  
Based on data collected from three population-based cancer registries in the Surveillance, Epidemiology, and End Results (SEER) Residual Tissue Repositories Program, the incidence of HPV-positive oropharyngeal cancers increased by 225% (95% CI, 208% to 242%) from 1998 to 2004 in the United States (Chaturvedi, et al., 2011).  Chaturvedi and colleagues (2011) suggest that the increase may be due to increases in unprotected oral sex.  Projecting the trend of oropharyngeal cancer cases caused by HPV in the United States, the authors estimate that by the year 2020 the annual number of cases of oropharyngeal cancer in men and women ages 30-84 years will exceed those of cervical cancer (Chaturvedi, et al., 2011).  This trend is of particular concern for males, as oropharyngeal cancer is approximately four times more common among men than women (The President's Cancer Panel, 2014).  
One of the most common concerns amongst parents is about the safety of HPV vaccines (Figure 3).  Safety data on vaccines are drawn from clinical trial data gathered before vaccine licensure and data from the continued safety monitoring completed by the CDC, FDA, and vaccine manufactures (Centers for Disease Control and Prevention, 2014).  The CDC ensures the safety of vaccines by conducting and promoting vaccine safety research, by searching for the adverse events following immunization through three safety surveillance systems (Figure 4), by investigating the causes of all reported adverse events, and by using collected data to identify any potential risk factors (Centers for Disease Control and Prevention, 2013).  HPV vaccines have a strong safety record and more than 56 million HPV4 doses have been administered since 2013 (Markowtz, 2013).  


[bookmark: _Toc258238153][bookmark: _Toc258238476][bookmark: _Toc258421486]Figure 4. Centers for Disease Control and Prevention’s Safety Surveillance Systems.
 (Centers for Disease Control and Prevention, 2013).

The most common side effects are brief soreness, redness, and other local symptoms at the injection site, which are similar to side effects commonly experienced with other vaccines (National Cancer Institute, 2011).  To date, no new safety concerns have been identified, although a higher proportion of syncope (fainting) on the day of vaccination and venous thrombolic events (blood clots) were seen with the HPV4 vaccine than are usually seen with other vaccines (National Cancer Institute, 2011).  Among post-vaccination syncope reports in persons ≥5 years old, at least one of the three adolescent vaccines (HPV, MCV4, and Tdap) were received in 60% of reports involving a single vaccine, with HPV making up 52% of these reports (Centers for Disease Control and Prevention, 2011).  This finding has led to the recommendation by the ACIP for providers to “strongly consider observing patients for 15 minutes after they are vaccinated” (Centers for Disease Control and Prevention, 2011).  The CDC and other health agencies are continually and actively monitoring vaccines, including HPV vaccines, for safety and efficacy.  



[bookmark: _Toc260073103]Intervention strategies to Increase uptake of Human papillomavirus vaccination
[bookmark: _Toc106513533][bookmark: _Toc106717791]The success of current and future efforts to increase HPV vaccine uptake is largely dependent on the public’s knowledge and attitudes about HPV, the public’s awareness of the availability of a vaccine to protect against certain types of HPV, and patient or parent acceptance of vaccination for themselves or their child.  In addition, the health care provider’s willingness to discuss HPV with patients and to recommend vaccination when applicable also contributes to the success of the vaccination effort.  Changes in public policy may be motivated by the prospect of cost savings associated with health care or prevention of disease, both of which can be realized with an increase in HPV vaccine uptake.  A strong collaboration between providers, public health professionals, and legislators is necessary for the successful implementation of vaccination programs, campaigns, and delivery systems.
[bookmark: _Toc260073104]Promotion and Education
Access to accurate information regarding vaccines and the diseases they protect against is critical to enable consumers to make informed decisions regarding their health.  Knowing where patients feel comfortable gathering health information provides public health professionals to opportunity to provide accurate information via these mediums.  Gaining insight of the perceptions regarding HPV vaccination will help direct successful vaccination campaigns through diverse media outlets, offer supporting evidence to dispel myths, misconceptions, and misinformation regarding vaccination, and work to promote the science behind the vaccination effort. 
[bookmark: _Toc260073105]Vaccination Campaigns
The Health Belief Model (HBM) may be a useful framework for researchers to assess attitudes, beliefs, self-efficacy, and intention as they relate to HPV vaccination for oneself or one’s child.  The HBM posits that an individual will perform a behavior if one feels susceptible to disease, believes the disease will have serious consequences for oneself or one’s family, the perceived benefits of performing the behavior outweigh the perceived costs to performing that same behavior, and if an individual perceives the ability to perform the behavior (National Cancer Institute, 2005).  Smith et al. (2011) conducted a study that evaluated the association between parents’ belief about vaccines, reasons for delaying or refusing administering vaccines to their children, and vaccination coverage for children at 24 months of age.  Results of the study indicate that in comparison to parents who vaccinated their child, parents who delayed or refused vaccine doses were less likely to believe that vaccines are necessary to protect the health of children (70.1% vs. 96.2%), that their child is at risk for disease if left unvaccinated (71.0% vs. 90.0%), and that vaccines are safe (50.4% vs. 84.9%) (Smith, et al., 2011).  
Successful vaccination programs have the ability to encourage people to vaccinate oneself or one’s child through “cues to action,” which may be health education messages about HPV-associated diseases and cancers on social media, or a television ad featuring relatable persons who are affected by HPV-associated cancers (National Cancer Institute, 2005).  Indeed, the ways in which messages about HPV are delivered are important.  Traditional modes of communication with patients, such as posters and brochures, can make recommendations regarding HPV vaccination easier for health care providers, but it is also important to make the facts about HPV relatable and applicable to a range of target audiences.  Multiple surveys distributed by the Pew Research Internet Project conclude that of those who use the Internet, the majority has used it to gather health information.  Results from a 2011 survey indicate that 80% of internet users have looked online for information about specific diseases or treatments; 34% of internet users have read someone else’s commentary or experience about health-related issues on a website, online news group, or blog; 25% of internet users have watched an online video about health or medial issues; and 18% of internet users have gone online to find others who might have health concerns similar to theirs (Fox, 2011).  Applying these results to the HPV vaccine, parents may be interested in websites or blogs written by other parents to present information about HPV or share experiences with HPV vaccination.  Similarly, teens and young adults may be more receptive to information delivered through mediums they frequent, such as social media websites.  
Targeted toward teenage and young adult women, Merck®’s “HPV: Why Risk It” campaign has formed a channel on YouTube to post videos featuring stories by real women and their experiences with HPV and/or cervical cancer.  In addition, to make facts about HPV more relatable to young women, the channel also has shorter videos that feature a humorous story to illustrate each fact.  In the video short titled “The Gift” a young adult woman is shown entering a store holding a wrapped package, which is meant to depict genital warts.  The young woman tries to return the package, but the clerk refuses.  “I never expected I would get this” she relays.  “No one ever does,” responds the clerk.  The video then cuts to a selected fact about HPV: “About 2 out of 3 people will get genital warts after having any kind of genital contact with someone infected.  That is something you can’t take back” (Merck, 2010).  By focusing primarily on what it may be like to have a genital warts infection, these video shorts can help empower a young woman or man to take preventive measures to protect him or herself from an outcome that can develop within months rather than later in life, such as with cancer.  The creative style of these videos is an excellent way to attract younger women and men to the topic of HPV, to lessen the stigma, and to educate the targeted audience.  Videos made in this style may be applicable to sex education classes to help educate middle school aged children in the public school system about a topic that may otherwise be perceived as embarrassing, obscure, or uninteresting. 
Measuring the success of intervention strategies to increase vaccination is critical to the development of an effective campaign.  Communication methods, such as brochures, posters, and TV ads, should be tested for culture and health literacy to ensure that messages are being received and understood by the targeted population.  Qualitative methods, such as surveys, should be periodically administered to providers, parents, and age-appropriate patients to assess any shifts in confidence, perception, access, or any other factors that may affect vaccine uptake.  In the United States, the majority of patients report that they rely on health care professionals to provide accurate information about health concerns, but a growing number of patients report the use of online resources as source of health information (Pew Research Center, 2013).  Reaching patients through various digital media should be implemented to engage audiences, promote vaccination, and provide accurate information to the public.  
[bookmark: _Toc260073106]Dispelling Misconceptions, Misinformation, and Myths
Undoubtedly, the national dialogue about HPV is likely to drive patients to ask more questions about HPV, how it’s transmitted, and the differences between the low and high oncogenic risk types.  Health care providers must commit to taking the time to have open conversations with patients to establish confidence in the health care system and build trust between the provider and the patient.  Determining the patient’s health literacy in a positive way might include asking the patient what they know about HPV or cervical cancer before offering vaccination.  Starting a conversation will help the provider learn what the patient’s or parents’ concerns are regarding vaccination, summarize the science to address the concerns, and passionately communicate their recommendations based on the individual patient’s situation.  Health care providers should educate themselves on common myths circulating in the public and be able to develop sound, scientifically based responses that can effectively correct misconceptions and misinformation.   
[bookmark: _Toc260073107]Dose Reminders
Telephone and mail reminders are a traditionally effective way to remind patients of upcoming appointments or dosing occasions for vaccines (Conroy, Rosenthal, Zimet, Jin, Bernstein, & Kahn, 2009) (Kharbanda, Stockwell, Fox, Andres, Lara, & Rickert, 2011) (Widdice, Bernstein, Leonard, Marsolo, & Kahn, 2011).  However, one of the problems that arise from these types of reminders is the potential loss of reaching patients due to relocation or change in phone numbers.  The makers of Gardasil® offer email reminders for patients through the “3 to complete” program, but one must be 18 years or older to sign up on Merck & Co.’s website (Merck & Co., Inc., 2013).  With the advent of electronic health records (EHRs), it may be efficacious to implement a reminder system built in to the patient’s file.  When the patient is in the office a message would appear on the patient’s file to remind the health care provider of the vaccination needs in accordance to the dosing schedule for the HPV vaccines.  This implementation has the potential to significantly decrease the rate of missed opportunities for vaccination.  
In recent years text message reminder systems have been developed in an effort to replace outdated reminder methods that may be less efficient and costly.  A study conducted by Kharbanda et al. (2011) evaluated a text message reminder system developed to promote patient adherence to the HPV4 vaccine-dosing schedule for the second and third dose.  In this study, “on time” is considered the patient receiving a vaccine dose within one month of its due date.  A total of 434 enrollment cards were given out to parents whose daughter received the initial vaccine dose during the study period and young women (18-20 years old) who received the initial vaccine dose during the study period.  An individual personal identification number (PIN) was assigned to each participant, which indicated to the researchers which vaccine dose (first or second) was just received in order to activate an accurate series of text messages (Kharbanda, Stockwell, Fox, Andres, Lara, & Rickert, 2011).  
To measure the impact of the intervention, the experimental group is compared to two control groups: those who opted out of the system (N= 308), who received the first HPV vaccine dose and received an enrollment card but did not enroll in the text message reminder system, and a Historical group (N=1080), which is comprised of patients that received the first and second doses prior to the start of the intervention (Kharbanda, Stockwell, Fox, Andres, Lara, & Rickert, 2011).  Compared to those who took the enrollment cards versus the Opt out group, on-time receipt of the next vaccine dose occurred among 51.6% (95% CI 42.8-60.4%) versus 35% (95% CI 29.6-40.2%) of adolescents (p=.001).  Similarly, the Historical group’s on-time receipt of the next vaccine dose is 38.1% (95% CI 35.2-41.0%) (p=.003).  Patients that signed up for the text message reminders were significantly more likely than the control populations to receive their next HPV vaccine dose within one month of its due date, an approximate 13-16% increase in rates of return for the next dose (Kharbanda, Stockwell, Fox, Andres, Lara, & Rickert, 2011).  
The results of this study are promising for the development of a successful intervention strategy aimed at increasing the rate of adherence to the vaccine’s dosing schedule and completion of the series.  In the study conducted by Conroy and colleagues (2009), of the 26 patients that were late on a dose, 61.5% reported that they forgot to make an appointment or forgot to return for an appointment that had been scheduled.  It is evident that a text message reminder system may be an effective way to remind patients of dosing occasion appointments. 

[bookmark: _Toc260073108]Vaccination Programs
The vaccine delivery system is an integral part in the effort to increase the uptake of the HPV vaccine, reach threshold vaccination goals in targeted populations, and to ultimately reduce the incidence of HPV-associated disease.  The impact of vaccination programs depends largely on their ability to reach and vaccinate a high proportion of the target population.  Vaccinations for adolescents, including the HPV vaccines, are primarily administered in primary care settings, such as a pediatrician’s office.  This tradition features a number of merits, including providing an opportunity to educate the patient and parents about the protection offered by the vaccines, but it can also pose as a barrier to vaccination if the adolescent does not utilize primary care settings or does not have health insurance.  Additionally, it may be more convenient for patients if the vaccine delivery system is expanded to include alternative settings, such as pharmacies, schools, health department clinics, emergency rooms, and urgent care centers.  School-based vaccination programs have been implemented in a few developed countries including the United Kingdom, Canada, and Australia, and recently a pilot program was implemented in Chicago, Illinois.  Finally, the possibility of a school-mandated vaccination program for entrance into sixth grade in the United States has the potential to dramatically increase the uptake of HPV vaccines and thus reduce the morbidity and mortality of diseases associated with HPV infection.  
[bookmark: _Toc260073109]Expansion of Vaccination Sites
The delivery system of HPV vaccines should ensure that vaccines are available where adolescents receive healthcare, it is convenient to initiate and receive additional doses, and costs associated with vaccination are not a barrier.   While the American Academy of Pediatrics and the American Academy of Family Physicians recommend that vaccinations be administered through primary care, the President’s Cancer Panel (2014) recommends expanding the delivery system to include other venues and providers.  There is evidence to suggest that many adolescents, particularly males, racial and ethnic minorities, low-income families, and older adolescents, do not receive regular preventative care through a primary care doctor.  The lack of access or utilization of primary care services may affect immunization coverage for the HPV vaccine, especially because the series requires multiple doses (The President's Cancer Panel, 2014). 
One of the most promising alternative settings for HPV vaccination is schools.  In 2007 Australia became one of the first countries to implement a nationally funded school-based HPV4 vaccination program.  The program offers free HPV vaccines to males and females aged 12-13 years old, with catch-up availability for males aged 14-15 years old (Austrailian Government Department of Health, 2014).  To participate in the program, a parent or guardian is required to completed a consent form and return it to the child’s school.  Indeed, a funded school-based program may be the best way to initiate vaccination amongst adolescents, promote adherence to the dosing schedule, and eliminate factors that may hinder vaccination, such as cost or missed opportunities to vaccinate in a health care setting.  In 2010, the vaccination coverage rates for 12-13 year olds in the program were reported to be 83% for the first dose, 80% for the second dose, and 73% for the final dose (Ali, et al., 2013).
Distributing information and creating awareness are important aspects of a successful HPV vaccine program. Australia’s efforts include posters, factsheets, brochures, comics, and articles directed individually to parents, young women, young men, students, health professionals, and Aboriginal and Torres Strait Islanders (Austrailian Government Department of Health, 2014).  Having sufficient information will create awareness of the availability of the vaccine and will facilitate parental decision-making about vaccinating their child.  The program has been highly effective in increasing vaccine uptake, providing knowledge regarding HPV and HPV-associated disease, and decreasing the incidence of genital warts (Ali, et al., 2013).  
A trend analysis of national surveillance data from 2004 to 2011 reveals that genital warts diagnoses have declined significantly from 11.5% in 2007 to 0.85% in 2011 in women under 21 years old and from 11.3% in 2007 to 3.1% in 2011 in women 21-30 years old.  Similar significant declines have occurred in heterosexual men, from 12.1% in 2007 to 2.2% in 2011 for men under 21 years old, and from 18.2% in 2007 to 8.9% in 2011 for men 21-30 years old (Ali, et al., 2013).  To assess any changes in HPV genotype prevalence after the program’s implementation, a cross-sectional study was conducted consisting of two samples of women aged 18-24 years who received Papanicolaou screening in selected health clinics in Australia’s major cities.  The type-specific prevalence of HPV test results were compared from 2 years before (2005-2007) and 2 years after (2010-2011) the vaccine program’s implementation.  The same recruitment and testing strategies were used for both sets of samples, with correction in the analysis for potentially confounding variables.  A significant decline in the prevalence of HPV types included in the quadrivalent vaccine (6, 11, 16, and 18) was evident, from 28.7% pre-vaccine to 6.7% post-vaccine (Tabrizi, et al., 2012).  Tabrizi and colleagues (2012) conclude that the results may translate into reductions in HPV-related disease outcomes in time.  
While countries such as Australia, the United Kingdom, and Canada have successfully implemented school-based vaccination programs, a school-based program in the United States may encounter significant logistical challenges.  As the President’s Cancer Panel (2014) acknowledges, decisions about whether to offer school-located vaccination in the United States are typically made by school boards and local superintendents.  An example of a pilot school-based vaccination program in the United States is Chicago’s Health4Chicago program.  Chicago’s public school system consists of about 675 schools and over 400,000 students.  Approximately 85% of the students are classified as low-income and despite district health requirements for entry into school, less than 10% of students have received recommended vaccinations for 11 year olds, including HPV (Caskey, Macario, Johnson, Hamlish, & Alexander, 2013).  The program was implemented from 2009-2012 in 8 schools for a total of 3 years and targeted elementary and middle school-age students that are predominately enrolled in Medicaid or are Medicaid-eligible to receive VFC stock vaccines.  The “4” in the program title refers to the four vaccinations that were offered by the program: Tdap, seasonal influenza, HPV, and meningococcal (Caskey, Macario, Johnson, Hamlish, & Alexander, 2013).  The program’s progress was slow, but it was able to administer 199 vaccines (8% HPV) to 5th and 8th graders in the second year, and 483 vaccines (23% HPV) to 5th and 8th graders of nine schools during the third and final year (Caskey, Macario, Johnson, Hamlish, & Alexander, 2013).  Year one of the program was focused on delivering doses of influenza vaccine (H1N1 or seasonal), which remained the vaccine with the greatest amount of uptake throughout the program (Caskey, Macario, Johnson, Hamlish, & Alexander, 2013). 
There were several challenges to the Health4Chicago program.  The high rate of turnover for school staff made it difficult to establish an organized communication system among program staff, school administrators, and community agencies.  All of the selected 8 elementary and middle schools participated in year one (2009-2010), four of the schools continued participation in year two (2010-2011) with the addition of four new schools, seven of the eight schools from year two went on to participate in year three (2011-2012), with the addition of two new schools (Caskey, Macario, Johnson, Hamlish, & Alexander, 2013).  In addition to the challenge of frequent staff changes, the families served by the program were very mobile with frequently changing phone numbers and limited Internet access, making the reliance on the student to return vaccination consent forms that much greater.  This pilot program was able to identify potential operational problems with implemented school-based programs in the United States. The success of a school-based program is largely dependent on its quality of planning and preparation on ensuring a well-supervised and monitored system that is able to anticipate and address possible issues with implementation. While this program was targeting predominately low-income students to received federally-funded VFC stock vaccines, the funding for a school-based program in the United States targeting all public school students despite income qualifications is a factor to consider.  
Pharmacies are another example of an alternative setting that could be utilized to increase HPV vaccination rates in the United States.  In 1996 the American Pharmacists Association’s House of Delegates adopted policy that promoted pharmacists to become more involved in immunization practices.  Pharmacists have many roles in the immunization delivery system including administering vaccines in authorizing states, educating the public about vaccinations, and offering recommendations and information regarding the ingredients in vaccines (American Pharmacists Association, 2013).  Pharmacy locations are plentiful and convenient for the public to access because they are often open long hours and on weekends.  It is estimated that the United States has more than 56,000 pharmacy locations, close to 300,000 licensed pharmacists, and more than 200,000 pharmacists are trained to administer vaccines (Bureau of Labor Statistics, 2013) (Rothholz, 2013).  The addition of pharmacies as vaccine delivery locations has the potential to improve patient education and communication -especially in regards to vaccine ingredients-, increase access to vaccines, and improve the uptake of the HPV vaccine.  
The public recognizes and accepts pharmacies as locations for adults and adolescents to receive selected vaccines.  During the 2011-2012 flu season, close to 20% of U.S. adults who received flu vaccines received them in pharmacies (Centers for Disease Control and Prevention, 2012).  However, integrating pharmacies into the vaccine delivery system is not without its challenges.  A 2012 survey completed by Brewer et al. (2013) of all 50 states and the District of Columbia finds that 80% of states allowed pharmacists to provide the HPV vaccine to adult women ages 19 and older, 61% of states allowed provision to girls age 12 years, and 59% to girls 9 years (Brewer, Chung, Baker, Rothholz, & Smith, 2013).  A pharmacist’s authority to provide HPV vaccines to adolescents varies widely by state and is reliant on either a HPV vaccine prescription (24%), under a protocol between a specific physician and pharmacist (31%), with only 6% of states allowing vaccination without prior physician approval (Brewer, Chung, Baker, Rothholz, & Smith, 2013). 
Improved collaboration between pharmacists, public health officials, physicians and other prescribers is essential to ensuring success of such an implementation.  Two-way access to EHR will allow alternative administration locations to document outcomes in patient medical records and track quality measures (Rothholz, 2013).  While pharmacists are eligible to be VFC providers, the additional recognition of pharmacists as in-network providers will provide clients to use private insurance as a method of payment, thereby preventing the large out of pocket costs for consumers (Brewer, Chung, Baker, Rothholz, & Smith, 2013).   
[bookmark: _Toc260073110]HPV Vaccination Public School Mandate
Laws that require vaccination for school-entry have been used as a public health strategy to both improve vaccine coverage and to protect the community from infectious diseases.  When considering the potential impact of an HPV vaccine mandate being implemented in the United States, it is important to refer to the outcome of similar vaccine mandates, namely the hepatitis B vaccine.  Vaccination against the hepatitis B virus (HBV) consists of a 3-dose series (although there is an accelerated 2-dose series for adolescents) and protects against the incidence of infection-related cancer later in life.  Like HPV, HBV is most commonly spread through sexual contact, with nearly two-thirds of acute HBV cases resulting from unprotected sex, and in many cases is unknowingly spread to others due to the lack of symptoms (Centers for Disease Control and Prevention, 2009).  Since the early 1990s, the HBV vaccine has been mandated for entry into daycare or K-12, with requirement differences among states.  As of 2011, Montana, South Dakota, and Alabama are the only States in the United States that do not require the hepatitis B vaccine for entry into a school-based program (Immunization Action Coalition, 2011).  Routine HBV vaccination has greatly diminished the rates of acute infections, an approximate decrease of 82% since 1990 (Centers for Disease Control and Prevention, 2009).  The increased uptake of vaccination has also helped alleviate the health disparities amongst children.  Studies have shown that among students that are subject to school-entry vaccination mandates, the overall HBV vaccination coverage increased, and narrowed the gap in coverage between racial and ethnic groups (Averhoff, Linton, Peddecord, Edwards, Wang, & Fishbein, 2004) (Morita, Ramirez, & Trick, 2008).  This finding is especially applicable to HPV considering that incidence and mortality rates from cervical cancer differ significantly among racial and ethnic groups.  Compared to White women in the general population, African America/Black and Hispanic/Latino women are more likely to be diagnosed with cervical cancer and African American/Black women have the highest death rate attributable to cervical cancer (National Cancer Institute, 2006).  
Since 2006, legislators in at least 42 states and territories have introduced legislation to require the HPV vaccine for entrance into public schools; establish a task force, advisory panel, or committee to investigate HPV-related topics; require or encourage the distribution of educational material on the HPV vaccine and cervical cancer to the general public, parents, or students; or fund vaccination (National Conference of State Legislatures , 2014).  Overall, at least 24 states and territories have introduced, defeated or enacted legislation regarding HPV vaccine mandates for entrance into public schools, typically sixth grade, ages 11-12 years, or by the age 13 (Figure 5).  In 2007, by executive order from the governor, the state of Texas enacted a mandate that all females entering the sixth grade receive the HPV vaccine, with the option for parents to opt-out.  The mandate was later overturned, and instead resulted in a mandate (H.B. 1098) requiring schools to distribute educational materials about the vaccine to parents or legal guardians of sixth graders (National Conference of State Legislatures , 2014).  

[image: ]
[bookmark: _Toc258421487]Figure 5. Human Papillomavirus (HPV) Mandate for School Attendance by State 2006-2013. 
At least 24 states and territories have introduced, defeated or enacted legislation regarding HPV vaccine mandates for entrance into public schools, typically sixth grade, ages 11-12 years.  The state of Virginia passed legislation in 2007 (effective in 2008) to mandate HPV vaccination for girls entering 6th grade, or after their 11th birthday.  Washington, D.C. requires that girls receive the vaccine before the age of 13.  All legislation mandating HPV vaccination includes some form or parental opt-out. In 2007, by executive order from the governor, the state of Texas enacted a mandate that all females entering the sixth grade receive the HPV vaccine, but this legislation was challenged and soon overturned (National Conference of State Legislatures , 2014).

According to the National Conference of State Legislatures (2014), Virginia and Washington D.C. are the only territories in the United States that currently have mandates for HPV vaccination.  Based on data from population-based cancer registries for 2006-2010, the District of Columbia has the highest HPV-associated cervical cancer (8.04-9.54), anal cancer (1.86-2.29), and oropharyngeal cancer (1.60-1.93) rates per 100,000 people in the United States (Centers for Disease Control and Prevention, 2014).  Data for the state of Virginia are not available.  The state of Virginia passed legislation in 2007 (effective in 2008) to mandate HPV vaccination for girls entering 6th grade, or after their 11th birthday, while allowing parents to opt-out for religious or medical reasons.  The District of Columbia also passed mandate legislation in 2007, requiring vaccination for girls before the age of 13 and gives parents the right to opt-out for religious or medical reasons (National Conference of State Legislatures , 2014).  The estimated vaccination coverage rates in Virginia among female adolescents aged 13-17 years in 2011 are 46.9% (± 9.6) for ≥1 HPV dose and 29.8% (±8.8) for ≥ 3 HPV doses.  The estimated vaccination coverage rates in Washington D.C. among female adolescents aged 13-17 years in 2011 are 55% (± 9.4) for ≥1 HPV dose and 36% (± 8.5) for ≥ 3 HPV doses.  The coverage rates for Washington D.C. are slightly greater than that of the United States overall, with 53% (± 1.7) receiving ≥1 HPV dose and 34.8% (± 1.6) receiving ≥ 3 HPV doses (Centers for Disease Control and Prevention, 2012).  
[bookmark: _Toc260073111]HPV VACCINATION PUBLIC SCHOOL MANDATE CASE SCENARIOS
While vaccination mandates for admittance into sixth grade may have the ability to reduce the prevalence of vaccine-specific HPV types and HPV-related disease outcomes, the effect is only as good as the rate of uptake among the targeted population.  Employing a theoretical HPV vaccination mandate allows one to investigate several potential outcome scenarios that are dependent on vaccine uptake rates, lifetime risk for select HPV-related disease outcomes, the percentage of HPV-related disease cases attributable to HPV types included in the vaccine, and the costs associated with vaccination and health outcomes.  
A projected birth cohort consisting of 1,900,000 females entering 6th grade (11-12 years old) in 2015 is examined throughout four separate case scenarios (Figure 6) and the projected number of select HPV-related health outcomes (Figures 7, 8) is assessed using an individual’s probability of developing a disease in the course of one’s lifespan, also referred to as lifetime risk (Table 2).  The model assumes lifelong immunity through completion of the 3-dose quadrivalent vaccine series, with 100% efficacy against HPV types 6, 11, 16, and 18.  The variables used are based on epidemiologic studies, cancer registries, and secondary data provided by the literature.

[bookmark: _Toc258421488]Figure 6. Vaccination uptake case scenarios for a projected cohort of 1,900,000 females entering 6th grade (11-12 years old) in 2015 (N=1,900,000).
“Vaccinated” assumes completion of the HPV4 3-dose series.
Projected cohort of females is based on an estimate of 3,785,000 males and females entering 6th grade in 2015 from the National Center for Education Statistics (U.S. Department of Education, 2012). 


Case scenario vaccine uptake percentages for the Best Case (90% vaccinated) reflect the U.S. National uptake of other vaccines included in the adolescent schedule based on data from 2012: 88.5% (95% CI ±0.8) for ≥ 1 Td or Tdap, 91.4% (95% CI ±0.8) for ≥ 2 MMR, and 92.8% (95% CI ±0.7) for ≥3 HBV (Centers for Disease Control and Prevention, 2013).  Mandate case 2 vaccination scenario is used to reflect the Healthy People 2020 goal to increase the vaccination coverage level of 3-doses of HPV vaccine for females by 13-15 years to 80% by the year 2020 (U.S. Department of Health and Human Services, 2013).  Finally, the No Mandate Case vaccination scenario estimates the 2015 U.S. National uptake of 3-doses of HPV vaccine based upon recent trends in vaccine uptake data (Centers for Disease Control and Prevention, 2013).  The decision to only include females in the mandate scenarios is due to the fact that most legislation regarding HPV mandates for admittance into public schools, both introduced and enacted, has been directed at females (National Conference of State Legislatures , 2014).  Additionally, it has been shown through a systematic review of 21 studies conducted to determine effectiveness or cost-effectiveness of an HPV vaccine that offering a solely female vaccination program is a more cost-effective strategy than adding male vaccination (Marra, Cloutier, Oteng, Marra, & Ogilvie, 2009). 
Table 2. Lifetime risk for selected HPV-associated cancers and disease.  


	Disease
	Lifetime Risk
	Percentage caused by HPV-16 and HPV-18
	Reference

	Cervical cancer
	0.7%
	70%
	(Jenkins, 2008)
(NCI, 2013)

	Vulvar cancer
	0.3%
	80%
	(Trimble, 1996)
 (NCI, 2013)

	Anal cancer
	0.1%
	92%
	(Daling, 2004)
(Frisch, 1999)
(NCI, 2013)

	Oropharyngeal cancer
	.55%
	89%
	(Kreimer, 2005)
(NCI, 2013)

	Genital warts
	10%
	90%
	(Merck & Co.)
(CDC, 2010)


 
    HPV-associated health outcomes were selected based on the availability of   lifetime risk data.  


Baseline estimates of lifetime costs associated with selected HPV-associated health outcomes were derived from best available secondary data and were adjusted for inflation to estimate costs in 2015 U.S.$ (Hu & Goldie, 2008) (Kim & Goldie, 2008) (U.S. Department of Labor, 2014).  According to Hu & Goldie (2008), the costs accounted for with genital warts include health care visits related to diagnosis, treatment, and/or follow-up, and to pharmacies for treatment prescriptions.  Derivation of the average cost per case of genital warts assumed a 25% spontaneous cure rate and an average duration of three months per case (Hu & Goldie, 2008).  Cost estimates for cervical, anal, oropharyngeal, and vulvar cancer include diagnosis, initial treatment, surveillance, treatment of recurrent disease, management of metastatic disease, and terminal care.  Cervical cancer costs are averaged over all stages of cancer and the cost differences associated with each stage (Kim & Goldie, 2008).  
	The amount of reduction of HPV-associated disease outcomes is dependent upon the rate of vaccination within the cohort, the risk of developing the disease outcome, and the percentage of the disease that is attributable to HPV types protected by the quadrivalent vaccine (Table 2).  For all disease outcomes associated with vaccination, the differences between the high uptake groups are very small overall, with a count of 22,888.35 lifetime outcomes for Best case (90% vaccinated; n=1,710,000) compared with 20,345.2 outcomes for Mandate case 2 (80% vaccinated; n=1,520,000) (Table 6). 
The estimated number of cervical cancer cases and oropharyngeal cases prevented through vaccination in this model are very similar for the Best case (90% vaccinated, n=1,710,000) and Mandate case 2 (80% vaccinated, n=1,520,000) when compared to the No Mandate case scenario due to the relationship between lifetime risk and percent of cases attributable to HPV for these disease outcomes (Table 2).  The number of cervical cancer cases occurring in the cohort for a No Mandate scenario is estimated to be 10,041.5, while the estimated number of cases in a Best case scenario is 4,921, resulting in the prevention of 5,120.5 cases through a 55% increase in vaccination uptake (from 35% uptake to 90% uptake).  Similarly, 4,189.5 estimated cases of cervical cancer are prevented in Mandate case 2 through a vaccine uptake increase of 45% and 1,396.5 estimated cases of cervical cancer are prevented through vaccination for Mandate case 3 through a vaccine uptake increase of 15% (Figure 7).

[bookmark: _Toc258421489]Figure 7. Estimated number of cases of selected HPV-associated cancers.
Estimates are based on HPV-vaccine uptake among a projected cohort of females, ages 11-12 entering public school in 2015 (N=1,900,000).  
“Vaccinated” assumes completion of the HPV4 3-dose series.
No Mandate: 35% vaccinated (n=665,000); 65% unvaccinated (1,235,000); Best case: 90% vaccinated (n=1,710,000); 10% unvaccinated (190,000); Mandate case 2: 80% vaccinated (1,520,000); 20% unvaccinated (380,000); Mandate case 3: 50% vaccinated (950,000); 50% unvaccinated (950,000). 
Projected cohort of females is based on an estimate of 3,785,000 males and females entering 6th grade in 2015 from the National Center for Education Statistics (U.S. Department of Education, 2012).  
*Estimated number of cases among unvaccinated is determined by multiplying the lifetime risk for select cancer type by the number of individuals in the population.  The estimated number of cases among vaccinated is determined by multiplying the lifetime risk for select cancer type by the percentage of cancer type  cases not attributable to HPV-16 and HPV-18 and by the number of individuals in the population (Table 2).



The greatest difference in disease outcomes between the vaccinated and unvaccinated individuals within any case scenario occurs when there are a greater number of individuals in the unvaccinated group (≥50%) and when the percentage of cases attributable to HPV is higher.  For example, considering Mandate case 3 (50% vaccinated, 50% unvaccinated) and vulvar cancer cases, the half of the population that is not vaccinated is at risk for all vulvar cancers, while the vaccinated population is at risk for vulvar cancer that is only non-HPV-associated (20% of vulvar cancer cases).  This decreases the vaccinated population’s lifetime risk to 0.06% rather than 0.3%, thus decreasing the number of estimated cases.  One can conclude that when half of the population is vaccinated against HPV, there are estimated to be five times as many vulvar cancer cases in the unvaccinated group than there are estimated for the vaccinated group (570 compared to 2,850 cases) (Table 6). 
The greatest decrease in HPV-associated disease outcomes achieved through vaccination is with genital warts. When compared to a No Mandate case scenario, a 90% uptake of HPV vaccination is likely to prevent an estimated 94,050 cases of genital warts; an 80% uptake is likely to prevent an estimated 76,950 cases of genital warts; and a 50% uptake is likely to prevent an estimated 25,650 cases of genital warts (Figure 8).  The dramatic decrease due to vaccination is attributable to the fact that the majority of cases of genital warts are HPV-associated, however, the relatively high likelihood of developing the infection (10% lifetime risk) allows for a relatively high incidence among those who are vaccinated (Figure 8). 

[bookmark: _Toc258421490]Figure 8. Estimated number of cases of genital warts. 
Results are based on HPV-vaccine uptake among a projected cohort of females ages 11-12 years old entering public school in 2015 (N=1,900,000).
“Vaccinated” assumes completion of the HPV4 3-dose series.
No Mandate: 35% vaccinated (n=665,000); 65% unvaccinated (1,235,000).
Best case: 90% vaccinated (n=1,710,000); 10% unvaccinated (190,000).
Mandate case 2: 80% vaccinated (1,520,000); 20% unvaccinated (380,000).
Mandate case 3: 50% vaccinated (950,000); 50% unvaccinated (950,000).
Projected cohort of females is based on an estimate of 3,785,000 males and females entering 6th grade in 2015 from the National Center for Education Statistics (U.S. Department of Education, 2012). 
*Estimated number of cases among unvaccinated is determined by multiplying the lifetime risk for genital warts by the number of individuals in the population.  The estimated number of cases among vaccinated is determined by multiplying the lifetime risk for genital warts by the percentage of cases not attributable to HPV-6 and HPV-11 and by the number of individuals in the population (Table 2)..

Potential lifetime costs for each vaccination scenario reflect the combined estimated health care costs and vaccination costs and are thus dependent upon the proportion of vaccinated adolescents and the amount of HPV-associated disease outcomes for each case scenario.  While the quadrivalent vaccine requires a relatively large initial investment of about $360.00 for the 3-dose series per individual, a large uptake amongst the population is shown to decrease the total potential lifetime costs in this model (Figure 9).  For example, vaccinating the Best case population (n=1,710,000) would cost approximately 616 million 2015 U.S.$, over 2.5 times that of vaccinating the No Mandate population (n=665,000), but the lifetime health care costs associated with HPV-associated disease outcomes for the No Mandate population is much greater than that of populations with a greater uptake of the vaccine (Figure 10).  Indeed, across all vaccine uptake case scenarios, the greater the proportion of the population that is vaccinated, the less healthcare costs and overall potential costs for that population.  The greatest potential lifetime health care cost savings in each case scenario occurs for the most expensive HPV-associated cancers, cervical and oropharyngeal (Table 5).  Compared to the No Mandate case scenario, vaccinating 90% of the population has the potential to save 219 million 2015 U.S.$ in health care costs associated with oropharyngeal cancer and 212 million 2015 U.S.$ in health case costs associated with cervical cancer (Figure 10).


[bookmark: _Toc258421491]Figure 9. Potential cost savings for each vaccination mandate case scenario. 
Results are based on HPV-vaccine uptake among a projected cohort of females ages 11-12 years old entering public school in 2015 (N=1,900,000).
Total costs are expressed in 2015 U.S. $ and include projected health care costs for HPV-associated outcomes including genital warts, cervical cancers, anal cancers, oropharyngeal cancers, and vulvar cancers, and costs associated with vaccination (Supplementary Table 1-5).  Health care costs represent the average discounted lifetime cost of a new case of disease, including direct medical and nonmedical costs (i.e. the cost of procedures and hospitalizations, office visits, and transportation). “Vaccinated” assumes completion of the HPV4 3-dose series, with the cost for each vaccine series completion being $360.00 ($120/dose).  



[bookmark: _Toc258421492]Figure 10. Potential lifetime health care cost savings per select HPV-associated cancer. 
Results are based on HPV-vaccine uptake among a projected cohort of females ages 11-12 years old entering public school in 2015 (N=1,900,000).
Each case scenario is compared with the health care costs associated with the estimated number of cases of vulvar, oropharyngeal, anal, and cervical cancers for the No Mandate scenario, which is based on vaccination uptake rates. Costs are rounded to the nearest million. 
Health care costs represent the average discounted lifetime cost of a new case of disease, including direct medical and nonmedical costs (i.e. the cost of procedures and hospitalizations, office visits, and transportation). “Vaccinated” assumes completion of the HPV4 3-dose series, the costs of which are not included in this figure. 


The success of a vaccination mandate program can be determined through the assessment of a decrease in incidence of HPV type 6, 11, 16, and 18-related disease, decrease in prevalence of HPV types prevented by vaccination, and the amount of health care costs saved relating to HPV-associated disease.  The impact of HPV vaccination on the rates of HPV-associated cancers will not be observable for decades, thus the use of intermediate outcomes such as genital warts and cervical abnormalities, and overall HPV-type prevalence can be implemented to evaluate the program for success. 
 

[bookmark: _Toc260073112]Conclusion
Genital human papillomavirus infection is a very common sexually transmitted disease that is highly contagious and often symptomless.  Young people ages 15-24 years make up about half (49%) of incident genital HPV cases, making the effort reach people before becoming sexually active paramount in preventing infection and transmission.  Persistent infection with HPV can lead to adverse health outcomes such as genital warts, adult-onset of recurrent respiratory papillomatosis and/or cancers affecting the cervix, oropharynx, anus, vulva, penis, and vagina.  
A vaccine capable of preventing cancer, such as the HPV vaccine, has been a major breakthrough for public health and has the potential to reduce HPV-associated morbidity and mortality, thus improving the quality of life for millions of people.  Despite being highly effective and safe, the initiation, adherence to and completion of the 3-dose series in the United States has remained relatively low for the past few years with approximately one third of females and 7% of males in the United States being fully vaccinated. 
The high cost of the vaccines and access to vaccine delivery locations may be potential barriers to vaccination, while logistical factors such as missed clinical opportunities and the necessity of multiple doses influences adherence to the dosing schedule.  These challenges may be prevented through the expansion of vaccine delivery locations, namely schools and pharmacies, and through the implementation of dosage reminders through text messaging and electronic health records.  The most successful interventions to encourage vaccine uptake address the patient’s perception of the vaccine, increase awareness about the prevalence of HPV infections, reduce stigma associated with HPV infection, encourage provider and patient communication, and deliver scientifically-based facts through mediums that effectively reach the targeted audience.  Indeed, there are several factors that may contribute to an individual’s stance on vaccination, but miscommunication about cost coverage, a lack of knowledge about the safety, effectiveness, or relevance of the vaccine should not be among them. 
Vaccination mandates for admittance into the public school system remains unpopular in the United States, with enacted legislation existing only in Virginia and Washington, D.C. and a high use of the generous opt-out option.  However, through examination of vaccine uptake in a projected cohort of females entering the 6th grade (11-12 years old) one can infer that the greater the proportion of the population that is vaccinated, the less potential health care costs and overall economic burden for that population.  Information regarding the economic burden of HPV-associated disease may be useful to policymakers and public health professionals for informed decisions about investments in future HPV prevention programs. Mandates and school-based vaccination programs also have the benefit of being effective in reducing racial disparities in childhood vaccination levels, which is of particular concern for the HPV-vaccine because racial and ethnic minorities are disproportionately affected by cervical cancer in the United States.  While public health principles support widespread vaccination for the prevention of communicable diseases, a balance must be established between honoring an individual’s choice and requiring HPV vaccination.
Increasing the uptake of the HPV vaccine is likely to decrease the incidence of HPV-associated cancers and disease, but prevention is also dependent upon the long-term efficacy, duration, and cross-protective effect of vaccines, an individual’s compliance with existing screening practices, and the engagement in safer sex practices.  Future research priorities should include the immunogenicity and duration of protection for fewer than three doses of HPV vaccine, which if shown to be effective, may reduce the cost of vaccination and increase completion rates.  
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	Costs per scenario (2015 U.S. $)
	Best case: 90% vaccinated
	Mandate case 2: 80% vaccinated
	Mandate case 3: 50% vaccinated
	No Mandate: 35% vaccinated

	Health care costs*
	359,473,027.99

	463,208,986.54

	774,425,434.22

	930,029,372.04


	Vaccination costs
	615,600,000.00

	547,200,000.00

	342,000,000.00

	239,400,000.00



Health care costs represent the average discounted lifetime cost of a new case of disease, including direct medical and nonmedical costs (i.e. the cost of procedures and hospitalizations, office visits, and transportation). Cervical cancer costs are averaged over all stages of cancer and the cost differences associated with each stage. “Vaccinated” assumes completion of the 3-dose series, with the cost for each vaccine series completion being $360.00 ($120/dose).  
*Refer to Table 2-5 for the projected health care costs per selected HPV-associated outcome by case scenario.
	Total
	975,073,027.99

	1,010,408,986.54

	1,116,425,434.22

	1,169,429,372.04



[bookmark: _Toc420077880][bookmark: _Toc420077886]Table 4.  Estimated health care costs for selected HPV-associated disease outcomes.





	Variable
	Cost per case (2006 U.S.$)*
	Cost per case (2015 U.S.$)

	Cervical cancer
	36,040.00
	41,334.85

	Vulvar cancer
	20,430.00
	23,431.49

	Anal cancer
	31,300.00
	35,898.47

	Oropharyngeal cancer
	37,370.00
	42,860.24

	Genital warts
	430.00
	493.18


*The cost per case is expressed in 2006 U.S. dollars and represents the average discounted lifetime costs of a new case of disease, including direct medical and nonmedical costs (i.e. the cost of procedures, hospitalizations, office visits, and transportation).  Cervical cancer costs are averaged over all stages of cancer and the cost differences associated with each stage. Estimated cost per case in 2006 U.S.$: (Kim & Goldie, 2008).  
The cost per case (2015 U.S.$) is derived from adjusting the estimates from 2006 for inflation to the last completed year, 2013, then approximating a 3% increase of inflation for two years (U.S. Department of Labor, 2014). 



	Best case: 90% vaccinated

	Lifetime cost per case ($)
	Est. no. of cases 
	
	Potential costs ($)
	Potential health care cost savings through vaccination ($)*

	Genital warts
	493.18
	36,100.0
	
	17,803,798.00
	46,383,579.00

	Cervical cancer
	41.334.85
	4,921.0
	
	203,408,796.85
	211,655,099.43

	Vulvar cancer
	23,431.49
	1,596.0
	
	37,396,658.04
	58,766,176.92

	Anal cancer
	35,898.47
	326.8
	
	11,731,620.00
	34,512,789.06

	Oropharyngeal cancer
	42,860.24
	2,079.6
	
	89,132,155.10
	219,238,699.65

	Total
	
	45,023.4
	
	359,473,027.99
	570,556,344.05

	
	
	
	
	
	

	Mandate case 2: 80% vaccinated
	Lifetime cost per case ($)
	Est. no. of cases
	
	Potential costs ($)
	Potential health care cost savings through vaccination ($)*

	Genital warts
	493.18
	53,200.0
	
	26,237,176.00
	37,950,201.00

	Cervical cancer
	41.334.85
	5,852.0
	
	241,891,542.20
	173,172,354.08

	Vulvar cancer
	23,431.49
	2,052.0
	
	48,081,417.48
	48,081,417.48

	Anal cancer
	35,898.47
	501.6
	
	18,006,672.55
	28,237,736.50

	Oropharyngeal cancer
	42,860.24
	3,009.6
	
	128,992,178.30
	179,378,676.45

	Total
	
	64,615.2
	
	463,208,986.54
	466,820,385.51

	
	
	
	
	
	

	Mandate case 3: 50% vaccinated
	Lifetime cost per case ($)
	Est. no. of cases
	
	Potential costs ($)
	Potential health care cost savings through vaccination ($)*

	Genital warts
	493.18
	104,500.0
	
	51,537,310.00
	12,650,067.00

	Cervical cancer
	41.334.85
	8,645.0
	
	357,339,778.25
	57,724,118.03

	Vulvar cancer
	23,431.49
	3,420.0
	
	80,135,695.80
	16,027,139.16

	Anal cancer
	35,898.47
	1026.0
	
	36,831,830.22
	9,412,578.83

	Oropharyngeal cancer
	42,860.24
	5,799.8
	
	248,580,819.95
	59,790,034.80

	Total
	
	123,390.8
	
	774,425,434.22
	155,603,937.82

	
	
	
	
	
	

	No Mandate case: 35% vaccinated
	Lifetime cost per case ($)
	Est. no. of cases
	
	Potential costs ($)
	Potential health care cost savings through vaccination ($)*

	Genital warts
	493.18
	130,150.0
	
	64,187,377.00
	

	Cervical cancer
	41.334.85
	10,041.5
	
	415,063,896.28
	

	Vulvar cancer
	23,431.49
	4,104.0
	
	96,162,834.96
	

	Anal cancer
	35,898.47
	1,288.2
	
	46,244,409.05
	

	Oropharyngeal cancer
	42,860.24
	7,194.8
	
	308,370,854.75
	

	Total
	
	152,778.5
	
	930,029,372.04
	


[bookmark: _Toc259470257][bookmark: _Toc259551739][bookmark: _Toc420077881][bookmark: _Toc420077887]Table 5. Estimated costs and savings based on the estimated number of cases of HPV-associated disease in the population.
 

*Potential health care cost savings through vaccination is found by comparing the health care costs associated with the No Mandate case scenario. Health care costs represent the average discounted lifetime cost of a new case of disease, including direct medical and nonmedical costs (i.e. the cost of procedures and hospitalizations, office visits, and transportation). Cervical cancer costs are averaged over all stages of cancer and the cost differences associated with each stage. “Vaccinated” assumes completion of the 3-dose series, the cost of which is not included in this table.




	Table 6. Estimated population at risk for selected HPV-associated health outcomes based on HPV-vaccine uptake among a projected cohort of females ages 11-12 years old entering public school in 2015 (N=1,900,000).


	BEST CASE
Mandate est. population at risk*
 
	CASE 2
Mandate est. population at risk* 

	
	90% Vaccinated
n = 1,710,000
	10% Unvaccinated
n = 190,000
	80% Vaccinated
n = 1,520,000
	20% Unvaccinated
n = 380,000

	Genital warts
Lifetime Risk: 10%
	17,100
	19,000
	15,200
	38,000

	Cervical cancer
Lifetime Risk: 0.7%
	3,591
	1,330
	3,192
	2,660

	Vulvar cancer
Lifetime Risk: 0.3%
	1,026
	570
	912
	1,140

	Anal cancer
Lifetime Risk: .1%
	136.8
	190
	121.6
	380

	Oropharyngeal cancer
Lifetime Risk: .55%
	1,034.55
	1,045
	919.6
	2,090

	
TOTAL 
	
22,888.35
	
22,135
	
20,345.2
	
44,270

	
GRAND TOTAL
	
45,023.35
	
64,615.20

	
	CASE 3
Mandate est. population at risk*
	
No Mandate est. population at risk*

	
	50% Vaccinated
n = 950,000
	50% Unvaccinated
n = 950,000
	35% Vaccinated
n = 665,000
	65% Unvaccinated
n = 1,235,000

	Genital warts
Lifetime Risk: 10%
	9,500
	95,000
	6,650
	123,500

	Cervical cancer
Lifetime Risk: 0.7%
	1,995.0
	6,650.0
	1,396.5
	8,645.0

	Vulvar cancer
Lifetime Risk: 0.3%
	570.0
	2,850.0
	399.0
	3,705.0

	Anal cancer
Lifetime Risk: .1%
	76.0
	950.0
	53.2
	[bookmark: _GoBack]1,235.0

	Oropharyngeal cancer
Lifetime Risk: .55%
	574.8
	5,225.0
	402.3
	6,792.5

	
TOTAL 
	
12,715.8
	
110,675
	
8,901
	
143,877.5

	
GRAND TOTAL
	
123,390.8
	
152,778.5


Table 6 continued

*Estimates are based on number of female adolescents vaccinated in each case scenario, multiplied by the lifetime risk for health outcome, multiplied by the % of health outcome cases attributable to low oncogenic risk HPV types 6, 11 (Genital warts) or high oncogenic risk HPV types 16, 18 (cancers) (Table 2.)
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Initial dose


Second Dose is administered 2 months later


Third dose is administered 6 months after the inital dose










Centers for Disease Control and Prevention's Safety Surveillance Systems

The Vaccine Adverse Event Reporting System (VAERS) - an early warning public health system where individuals are able to report vaccine concerns and adverse effects following vaccination.
The Vaccine Safety Datalink (VSD) - a collaboration between the CDC and healthcare organizations which uses anonymous health records to monitor and evaluate adverse events following vaccination.
The Clinical Immunization Safety Assessment (CISA) Network - a collaboration between the CDC and medical research centers in the United States to conduct research into how adverse events might be caused by vaccines.





Best Case 


90% Vaccinated; n=1,710,000


10% Unvaccinated; n=190,000


Mandate case 2


80% Vaccinated; n=1,520,000


20% Unvaccinated; 380,000


Mandate case 3 


50% Vaccinated; n=950,000


50% Unvaccinated; n=950,000


No Mandate


35% Vaccinated; n=665,000


65% Unvaccinated; n=1,235,000



























Estimated Human Papillomavirus (HPV) Vaccine Coverage Among Adolescent Girls Aged 13-17 Years, by Number of Doses
≥1 dose HPV vaccine 	2009	2010	2011	2012	44.3	48.7	53	53.8	≥2 dose HPV vaccine	2009	2010	2011	2012	35.799999999999997	40.700000000000003	43.9	43.4	≥3 dose HPV vaccine	2009	2010	2011	2012	26.7	32	34.799999999999997	33.4	Potential coverage with ≥1 dose of HPV vaccine if no missed opportunity	2009	2010	2011	2012	73.5	83.5	89.5	92.6	Survey Year*
Percent Vaccinated

Estimated number of cases of selected HPV-associated cancers based on HPV-vaccine uptake among a projected cohort of females ages 11-12 years old entering public school in 2015 (N=1,900,000)

Best case: 90% vaccinated	Cervical cancer	Oropharyngeal cancer	Vulvar cancer	Anal cancer	4921	2079.6	1596	326.8	Mandate case 2: 80% vaccinated	Cervical cancer	Oropharyngeal cancer	Vulvar cancer	Anal cancer	5852	3009.6	2052	501.6	Mandate case 3: 50% vaccinated	Cervical cancer	Oropharyngeal cancer	Vulvar cancer	Anal cancer	8645	5799.8	3420	1026	No Mandate: 35% vaccinated	Cervical cancer	Oropharyngeal cancer	Vulvar cancer	Anal cancer	10041.5	7194.8	4104	1288.2	Estimated number of cases*

Estimated number of cases of genital warts based on HPV-vaccine uptake among a projected cohort of females ages 11-12 years old entering public school in 2015 (N=1,900,000)
Best case: 90% vaccinated	Estimated number of genital warts cases	36100	Mandate case 2: 80% vaccinated	Estimated number of genital warts cases	53200	Mandate case 3: 50% vaccinated	Estimated number of genital warts cases	104500	No Mandate: 35% vaccinated	Estimated number of genital warts cases	130150	
Potential lifetime costs for each vaccination mandate scenario based on HPV vaccine uptake among a projected cohort of females ages 11-12 years old entering public school in 2015 (N=1,900,000)
Potential total costs for Mandated population	Best case: 90% vaccinated	Mandate case 2: 80% vaccinated	Mandate case 3: 50% vaccinated	No Mandate case: 35% vaccinated	975073027.99000001	1010408986.54	1116425434.22	1169429372.04	
Potential lifetime health care cost savings per select HPV-associated cancer based on HPV-vaccine uptake among a projected cohort of females ages 11-12 years old entering public school in 2015 (N=1,900,000)
 
Cervical cancer	Best case: 90% vaccinated	Mandate case 2: 80% vaccinated	Mandate case 3: 50% vaccinated	212	173	58	Anal cancer	Best case: 90% vaccinated	Mandate case 2: 80% vaccinated	Mandate case 3: 50% vaccinated	35	28	9	Oropharyngeal cancer	Best case: 90% vaccinated	Mandate case 2: 80% vaccinated	Mandate case 3: 50% vaccinated	219	179	60	Vulvar cancer	Best case: 90% vaccinated	Mandate case 2: 80% vaccinated	Mandate case 3: 50% vaccinated	59	48	16	Health care costs saved (2015 U.S. $ Millions)
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